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We have studied the N∗(1875)(3/2−) resonance with a multichannel unitary scheme, considering
the ∆pi and Σ∗K, with their interaction extracted from chiral Lagrangians, and then have added two
more channels, the N∗(1535)pi and Nσ, which proceed via triangle diagrams involving the Σ∗K and
∆pi respectively in the intermediate states. The triangle diagram in the N∗(1535)pi case develops a
singularity at the same energy as the resonance mass. We determine the couplings of the resonance
to the different channels and the partial decay widths. We find a very large decay width to Σ∗K,
and also see that, due to interference with other terms, the Nσ channel has an important role in
the pipi mass distributions at low invariant masses, leading to an apparently large Nσ decay width.
A discussion is done, justifying the convenience of an experimental reanalysis of this resonance to
the light of the findings of the paper, using multichannel unitary schemes.
PACS numbers:
I. INTRODUCTION
The N∗(1875) (3/2−) is relatively new in the PDG [1].
Quoting from the latest PDG edition, “Before the 2012
Review, all evidence for a JP = 3/2− state with a mass
above 1800 MeV was filed under a two star N(2080).
There is now evidence from Ref. [2] for two 3/2− states
in this region, so we have split the older data (according
to mass) between a three-star N(1875) and a two-star
N(2120).” The mass of the PDG is 1820-1920 MeV (1875
MeV PDG estimate) and the width 250 ± 70 MeV. Quot-
ing directly from Ref. [2], the mass is 1880 ± 20 MeV and
the the width 200 ± 70 MeV. A more recent experiment
[3] agrees with these values with 1875 ± 20 MeV for the
mass and 200 ± 25 MeV for the width. The most impor-
tant decay modes are Nω (15-25%), ∆(1232)pi (10-35%),
mostly in s-wave, and Nσ (Nf0(500)) (30-60%).
It is interesting to recall that prior to its acceptance as
a new resonance, a peak in the amplitudes was observed
around 1875 MeV from the study of the pseudoscalar
meson-baryon decuplet interaction in Ref. [4]. For the
case of strangeness S = 0 and isospin I = 12 , the coupled
channels ∆pi and Σ∗K were used, and the interaction
was obtained from the meson-baryon Lagrangians of Ref.
[5]. The peak appears at the Σ∗K threshold and it was
identified as a threshold effect, not a genuine resonance.
One should note that the identification of threshold ef-
fects with resonances is quite common and one has a
good example with the a0(980) which is catalogued as a
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resonance, but it shows both theoretically [6] and experi-
mentally [7] as a cusp effect with no clear pole associated
to it.
In the present paper we retake the work of Ref. [4]
and include triangle mechanisms associated to the main
building channels ∆pi, Σ∗K, which lead to new chan-
nels N∗(1535)pi and Nf0(500). The first channel has not
been measured yet, but the second channel is, together
with ∆pi the main decay channel of the resonance. An
effective transition potential is constructed from the ∆pi,
Σ∗K channels to the N∗(1535)pi and Nf0(500), and a
four channel problem is then solved with a unitary cou-
pled channel scheme, leading to a resonant peak around
1875 MeV in the amplitudes from where we extract the
coupling of the N∗(1875) resonance to the different chan-
nels and the partial decay widths to these channels.
Triangle diagrams have for long been part of hadron
physics, but of particular interest are those that lead to
singularities in the amplitudes, known as triangle singu-
larities. The concept and detailed study was introduced
by Landau [8], but it is precisely now, after much infor-
mation on the hadron spectrum and reactions has been
accumulated, that many examples of triangle singulari-
ties show up [9]. A triangle diagram stems from a particle
A decaying into 1 + 2, particle 2 decaying to B + 3 and
particles 1 + 3 merging into another particle C. In some
cases, when the process can occur at the classical level,
a singularity appears in the corresponding Feynman di-
agram, Coleman-Norton theorem [10], and the field the-
oretical amplitude becomes infinity if the intermediate
particles are stable. In practice, some of these particles
have a finite width and the infinity becomes a peak, with
important experimental consequences.
An alternative formulation to the standard method to
deal with the triangle singularities is done in Ref. [11],
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2with a different method to perform the integrals and an
easy and intuitive rule to determine where the singulari-
ties appear.
Recent examples of processes where the triangle sin-
gularities are relevant can be seen in the η(1405) →
pi a0(980) and η(1405) → pi f0(980) [12–14]. The latter
process is isospin forbidden and results largely enhanced
due to a triangle singularity involving η(1405) → K∗K¯
followed by K∗ → K pi and fusion of K K¯ to give the
f0(980). A more recent example can be seen in the COM-
PASS collaboration [15], associated to a new resonance
“a1(1420)”, which, as hinted in Ref. [9] and proved in
Refs. [16, 17], comes from the pif0(980) decay of the
a1(1260), via a triangle singularity proceeding through
a1 → K∗K¯, K∗ → Kpi and KK¯ → f0(980). Related to
this is the recent interpretation of the f1(1420) resonance
as a decay mode of the f1(1285) into pia0(980) and K
∗K¯
[18]. Another interesting example is the role played by
a triangle singularity in the γp → K+Λ(1405) reaction
[19]. The process γp→ K∗Σ, K∗ → Kpi, Σpi → Λ(1405)
leads to a peak in the cross section around
√
s = 2120
MeV that solved a standing problem in that reaction.
Similarly, the f2(1810) is also explained as a conse-
quence of the f2(1650) → K∗K¯∗, K∗ → piK and KK¯∗
merging into the a1(1260) [20]. Other examples can be
found in Refs. [21–25]. Renewed interest in the triangu-
lar singularities came from the suggestion that the narrow
peak of the J/ψ p invariant mass at 4450 MeV seen by
the LHCb collaboration [26, 27], and interpreted there as
a pentaquark state, could be due to a triangle singular-
ity with Λb → Λ(1890)χc1, Λ(1890)→ K¯p, pχc1 → J/ψp
[28, 29]. However, as shown in Ref. [11], for the preferred
experimental quantum number of this peak, 3/2−, 5/2+,
the χc1p → J/ψp proceeds with χc1p in p-wave or d-
wave and the χc1p threshold is exactly 4450 MeV, hence,
this amplitude vanishes there on shell and the suggested
process cannot be responsible for the observed peak.
In the present work we will show that the process of
the N∗(1875) → Σ∗K, Σ∗ → piΛ, ΛK → N∗(1535), de-
velops a triangle singularity precisely at the same mass
of resonance and reinforces it. The other interesting
finding of this work is that there can also be trian-
gle mechanisms, which, without developing a singularity,
can be very important. This is actually the case with
N∗(1875) → ∆pi, ∆ → piN , pipi → f0(500). We shall see
that because of the large strength of all the couplings in-
volved, this process becomes even more important than
the N∗(1875)→ piN∗(1535) and leads to a sizeable par-
tial decay width N∗(1875)→ Nσ(f0(500)).
II. FORMALISM
A. Brief review of the pseudoscalar meson-baryon
decuplet interaction
Following Ref. [4], the sector with S = 0, I = 12 is
reached with the channels ∆pi, Σ∗K. In s-wave the in-
teraction leads to JP = 3/2− states. The interaction is
given by
Vij = −Cij 1
4f2
(k0 + k′0), (1)
where k0, k′0 are energies of the initial and final mesons
respectively and the coefficients Cij are given in Table
I. The scattering matrix is given via the Bethe-Salpeter
equation in the matrix form by
T =
[
1− V G]−1V, (2)
whereG is the ordinary meson-baryon loop function. The
∆pi → ∆pi amplitude develops a strong peak around 1500
MeV that was associated in Ref. [4] to the N∗(1520) res-
onance. By contrast, this amplitude is very small around
1875 MeV, as a consequence of interference of terms, and
it is the Σ∗K → Σ∗K amplitude the one that shows as a
clear peak around 1875 MeV. In the next subsection we
shall include the N∗(1535)pi and Nf0(500) channels.
B. The N∗(1535)pi channel
We shall look into the diagram of Fig. 1, where the
state i stands for ∆pi and Σ∗K. By looking at equation
(18) of Ref. [11], the relationship
qon + − qa− = 0 , (3)
where qon+ and qa− are defined by easy analytical ex-
pression in Ref. [11], shows the energy
√
s at which a
triangle singularity appears. One must check Eq. (3) for
a mass of the N∗(1535) bigger than mΛ +mK . At a mass
about 1615 MeV, which is in the range of the N∗(1535)
mass considering the width (150 MeV), Eq. (3) shows
a solution at 1878 MeV. But a peak in the amplitude
develops for smaller N∗ masses within the range of the
N∗(1535) spectral function, which we shall take into ac-
count in the evaluation of the diagram of Fig. 1. Since
we are looking into the states with isospin I = 12 we must
consider in detail, the different charge combinations that
enter the evaluation of Fig. 1. This is shown in Figs. 2
and 3, where the state i is ∆pi or Σ∗K, respectively.
We must project all of them into I = 12 and sum the
diagrams. For this, let us recall the sign convention in
∆pi Σ∗K
∆pi 5 2
Σ∗K 2 2
TABLE I: The Cij coefficients of the Eq. (1).
3i (P )
Σ∗(P − q)
K(q)
Λ(P − q − k)
pi(k)
N∗(1535)
FIG. 1: The triangle diagram for the i(∆pi, Σ∗K) →
N∗(1535)pi transition. In brackets, the momenta of the lines.
Ref. [4], |pi+〉 = −|1, 1〉, of isospin. Hence we have∣∣∆pi, I = 12 , I3 = 12〉
=
√
1
2
∣∣∆++pi−〉−√1
3
∣∣∆+pi0〉−√1
6
∣∣∆0pi+〉 ,∣∣N∗(1535)pi, I = 12 , I3 = 12〉
=
√
2
3
∣∣N∗ 0pi+〉+√1
3
∣∣N∗+pi0〉 , (4)
∣∣Σ∗K, I = 12 , I3 = 12〉 =
√
2
3
∣∣Σ∗+K0〉−√1
3
∣∣Σ∗ 0K+〉 .
We need the Σ∗ → Λpi coupling and the KΛ→ N∗(1535)
coupling. The first one is of the type
−itΣ∗,piΛ = gΣ∗,piΛ~S · ~k, (5)
where ~S is the spin transition operator from 3/2 to 1/2.
The width for Σ∗ → piΛ is given by (~k ≡ ~ppi)
Γ =
2MΛ2MΣ∗
8pi
1
M2Σ∗
∑∑
|t|2 |~k|, (6)
with ∑∑
|t|2
=
1
4
g2Σ∗,piΛ
∑
M
∑
m
〈m|Si|M〉〈M |S†j |m〉kikj
=
1
4
g2Σ∗,piΛ
∑
m
〈m| 23δij − i3ijlσl|m〉kikj
=
1
3
g2Σ∗,piΛ
~k2. (7)
Hence,
Γ =
1
2pi
MΛ
MΣ∗
1
3
g2Σ∗,piΛ k
3, (8)
and using the experimental value for the Σ∗ → piΛ width
we obtain
gΣ∗,piΛ = 0.0090 MeV
−1. (9)
The coupling of N∗ to KΛ we get from Ref. [30], where
the chiral unitary approach has been used to obtain piN
scattering in the region of the N∗(1535). One has
gN∗,KΛ = −1.28. (10)
With these ingredients we can already evaluate the tri-
angle diagrams of Figs. 2 and 3. Considering the isospin
coefficients, the sum of the diagrams in Fig. 2, for I = 12 ,
I3 =
1
2 , up to the propagators, is given by
(−i)
√
2
3
V
(I=1/2)
∆pi,Σ∗K (−1)gΣ∗,piΛ (−i)gN∗,KΛ
√
2
3
+(−i)(−1)
√
1
3
V
(I=1/2)
∆pi,Σ∗K gΣ∗,piΛ (−i)gN∗,KΛ
√
1
3
= V
(I=1/2)
∆pi,Σ∗K gΣ∗,piΛ gN∗,KΛ, (11)
and the full contribution of the loop is given by
−it∆pi,piN∗ = V (I=1/2)∆pi,Σ∗K gΣ∗,piΛ gN∗,KΛ(~S · ~k) 2MΛ2MΣ∗
∫
d4q
(2pi)4
i
(P − q)2 −M2Σ∗ + i
i
(P − q − k)2 −M2Λ + i
i
q2 −m2K + i
≡ V (I=1/2)∆pi,Σ∗K gΣ∗,piΛ gN∗,KΛ(~S · ~k) 2MΛ2MΣ∗ tT , (12)
where the last equation defines the triangle integral tT .
The factors 2MΛ, 2MΣ∗ are consequence of using the
Mandl and Shaw normalization for the Fermion fields
[31]. This integral is performed by doing analytically the
q0 integration, and we obtain [11, 32]
tT =
∫
d3q
(2pi)3
1
8ωKEΣ∗EΛ
1
k0 − EΛ − EΣ∗
1
P 0 + ωK + EΛ − k0
1
P 0 − ωK − EΛ − k0 + i
1
P 0 − EΣ∗ − ωK + i
4Σ∗+
K0
Λ
pi+
N∗0
∆
pi
|∆pi〉I= 12 ,I3= 12 +
Σ∗0
K+
Λ
pi0
N∗+
∆
pi
|∆pi〉I= 12 ,I3= 12
FIG. 2: Different diagrams leading to ∆pi → N∗pi (I = 1
2
, I3 =
1
2
).
Σ∗+
K0
Λ
pi+
N∗0
Σ∗
K
|Σ∗K〉I= 12 ,I3= 12 +
Σ∗0
K+
Λ
pi0
N∗+
Σ∗
K
|Σ∗K〉I= 12 ,I3= 12
FIG. 3: Different diagrams leading to Σ∗K → N∗pi (I = 1
2
, I3 =
1
2
).
×{2P 0ωK + 2k0EΛ − 2(ωK + EΛ)(ωK + EΛ + EΣ∗)}, (13)
where
ωK =
√
m2K + ~q
2, EΣ∗ =
√
M2Σ∗ + ~q
2 +
iΓΣ∗
2
, EΛ =
√
M2Λ + (~q +
~k)2,
k0 =
s+m2pi −M2N∗
2
√
s
, |~k| = λ
1
2 (s,m2pi,M
2
N∗)
2
√
s
, λ(x, y, z) = x2 + y2 + z2 − 2xy − 2yz − 2xz . (14)
The case of the transition Σ∗K → N∗pi in Fig. 2 proceeds
in an identical way, and the only difference with respect
to the results of Eq. (12) is that we must substitute
V
(I=1/2)
∆pi,Σ∗K by V
(I=1/2)
Σ∗K,Σ∗K .
We must note that originally the ~S · ~k operator ap-
peared for the Σ∗ → piΛ transition, but upon sum of
the intermediate Σ∗ spin components it becomes now in
Eq. (12) the spin transition operator from ∆ to N∗ be-
cause the s-wave potentials V
(I=1/2)
∆pi,Σ∗K and V
(I=1/2)
,Σ∗K,Σ∗K are
independent of the ∆ and Σ∗ spins.
Neglecting the width of the Σ∗ in Eq. (13), the inte-
grand in tT will have poles when
P 0 − k0 − ωK − EΛ = 0 and P 0 − EΣ∗ − ωK = 0. (15)
In principle, in the integral they will give rise to imagi-
nary parts and principal values, via the i. However, the
cancellations in the principal values will not occur when
we are at the extremes of cos θ (kˆ · qˆ) when cos θ = ±1.
Then a singularity can appear in the integral, triangle
singularity (which, occurs for cos θ = −1 [11]), which
however, is rendered finite when the width of the Σ∗ is
explicitly considered [11]. The integral in the tT is then
convergent, but we perform a cut off in q in the rest mass
of the N∗, when the chiral unitary approach is done,
and we use qcmmax ≡ 1000 MeV, suited to the results of
Ref. [30].
We would like to include now the piN∗ into the coupled
channels, together with ∆pi and Σ∗K. However we can
see that while the interaction between ∆pi and Σ∗K pro-
ceeds via s-wave, the transition ∆pi → piN∗ proceeds via
p-wave with the ~S ·~k operator. This is a consequence from
the transition of a ∆(3/2+) to N∗(1/2−) which requires
change of parity. Yet, it is possible to mix the channels
via an effective s-wave potential, as done in Refs. [33–
36]. In order to define this effective potential we look
at the diagram of Fig. 4, which makes transitions from
∆pi(Σ∗K) → ∆pi(Σ∗K) via an intermediate piN∗ state.
We can write for the transition amplitude
− itij = −iti,piN∗ iGpiN∗ (−i)tpiN∗,j . (16)
In the chiral unitary approach the transition potentials
are evaluated for the external lines on shell and we wish
to do the same with the new channel piN∗. For this
purpose, we take the imaginary part of GpiN∗ in Eq.
(16), which places piN∗ on shell. Considering that in
∆,Σ∗
pi,K
Σ∗
K
Λ
pi
N∗
∆,Σ∗
pi,K
i jΛ
FIG. 4: Transition diagram from ∆pi(Σ∗K) → ∆pi(Σ∗K) via
the intermediate N∗pi.
5the piN∗ → ∆pi(Σ∗K) transition the pion momentum is
in going instead of outgoing as in ∆pi(Σ∗K)→ piN∗, we
have
Imti,j = −Vj,Σ∗K Vi,Σ∗K
(
gΣ∗,piΛ gN∗,KΛ 2MΛ2MΣ∗
)2
×(−)(~S† · ~k) (~S · ~k) tT t∗T ImGpiN∗ .
Now we have1∑
m
〈M ′|~S† · ~k|m〉〈m|~S · ~k|M〉 = 1
3
~k2δMM ′
− 1
3
~q 2
√
4piC(3
2
2
3
2
; M ′,M−M ′)Y2,M−M ′(qˆ), (17)
which indicate that we can have transitions in s- and
d-waves. But we are only interested in the s-wave and
hence we keep the 13
~k2δMM ′ factor in Eq. (17). Thus,
effectively we can take
Imt˜i,j = Vj,Σ∗K Vi,Σ∗K
(
gΣ∗,piΛ gN∗,KΛ 2MΛ2MΣ∗
)2
×tT t∗T
1
3
~k2 ImGpiN∗ (18)
with
ImGpiN∗ = − 1
4pi
MN∗√
s
|~k|, |~k| = λ
1
2 (s,m2pi,M
2
N∗)
2
√
s
. (19)
However, since the triangle singularity is sensitive to the
external masses and the N∗ has a width of 150 MeV, we
make a convolution of Eq. (18) with the spectral function
of the N∗, such that
Imt˜i,j=Vj,Σ∗K Vi,Σ∗K
(
gΣ∗,piΛ gN∗,KΛ 2MΛ2MΣ∗
)2
× 1
NN∗
∫
dm˜
1
3
k˜2SN∗(m˜)ImGpiN∗(s, m˜)|tT (s, m˜)|2,(20)
where ImGpiN∗(s, m˜), k˜ and tT are obtained substituting
MN∗ → m˜ in Eqs. (19) and (13). The spectral function
of the N∗ is given by
SN∗(m˜) = − 1
pi
Im
1
m˜−MN∗ + iΓN∗2
, (21)
and the factor NN∗ in Eq. (20) is put for normalization
NN∗ =
∫
SN∗(m˜)dm˜. (22)
The limits of m˜ in Eqs. (20) and (22) are taken from
MN∗ − αΓN∗ to MN∗ + αΓN∗ with α around one or
two. The m˜ dependence in Eq. (20) does not effect
1 Note the order of ~S† , ~S and the sum over m, the spin of the 1/2
baryon.
Vj,Σ∗KVi,Σ∗K , hence, we can define
Imt˜ =
1
N
∫
dm˜
×1
3
k˜2SN∗(m˜)ImGpiN∗(s, m˜)|tT (s, m˜)|2 (23)
and a function V˜ such that
Imt˜ = V˜ ImGpiN∗ V˜ . (24)
then we can construct an effective s-wave transition po-
tential
V˜i,piN∗ = V
(I=1/2)
i,Σ∗K gΣ∗,piΛ gN∗,KΛ 2MΛ2MΣ∗ V˜ (25)
such that
V˜i,piN∗ ImGpiN∗(MN∗) V˜j,piN∗ = Imt˜ij . (26)
This means that using V˜i,piN∗ in coupled channels with
the extra piN∗ channel we can effectively incorporate the
mechanism of Fig. 4 and when the resonance shows up
in the amplitudes we can evaluate the coupling of the
resonance to the piN∗ channel and then the partial decay
width into this channel. We will have now a new V ma-
trix, containing the ∆pi(Σ∗K) → ∆pi(Σ∗K) of Eq. (1)
plus the ∆pi(Σ∗K) → piN∗ transition of Eq. (25). We
do not include a direct piN∗ → piN∗ transition assuming
such transition would occur via the ∆pi(Σ∗K) interme-
diate states involving the ∆pi(Σ∗K) → piN∗ transition
which contains the triangle diagram.
In order to take into account the ∆ and Σ∗ widths in
the G functions of Eq. (2) we also do a convolution, as
done in Ref. [4], with the spectral function of the baryons
SB(M˜),
G→ G˜ = 1
N
∫
dM˜ G(M˜)SB(M˜). (27)
C. The Nf0(500)(σ) channel
We can now consider a triangle diagram which involves
∆pi instead of Σ∗K in the intermediate states. This is
depicted in Fig. 5. The states ∆pi, Σ∗K can now make
i
∆
pi
pi
N
σ[f0(500)]
∆,Σ∗
pi,K
FIG. 5: Triangle diagram for the transition of i(∆pi, Σ∗K) to
Nσ.
transition to the ∆pi, the ∆ decays into piN and then the
two pions fuse to give the f0(500)(σ). The first thing one
must check is if this diagram can develop a singularity at
6some energy
√
s. Application of Eq. (3) immediately tells
us that this is not the case, and qon+−qa− does not vanish
for any energy of the original system. However, we have
now other elements to make this mechanism particularly
relevant. First we can have now ∆pi → ∆pi transitions
that have a weight of a factor 5 (see table I) instead of
2, as we had before. Second, the ∆ → piN coupling is
very large and so is the coupling of the pipi to the σ. The
evaluation of the ∆pi(Σ∗K)→ Nσ transition proceeds in
an analogous way to the previous subsection. First, in
analogy to Fig. 2 and Fig. 3 we have now Fig. 6 and
Fig. 7.
We need now the state
|pipi, I = 0〉 = − 1√
3
(pi+pi− + pi−pi+ + pi0pi0) (28)
and the ∆→ Npi coupling, similar to Eq. (5)
− it = fpiN∆
mpi
~S · ~ppiC(i), (29)
with C(i) the corresponding isospin Clebsch-Gordan co-
efficient,
C(i) =

−1, for ∆++ → ppi+√
2
3 , for ∆
+ → ppi0√
1
3 , for ∆
0 → ppi−
(30)
The coupling fpiN∆, taken to obtain the ∆ width, is given
by
fpiN∆ = 2.2 (31)
corresponding to f2piNN/4pi = 0.38, very close to standard
value used in pion physics, 0.36 [37]. The isospin combi-
nation of vertices corresponding to Eq. (11) for Fig. 6 is
now given, taking into account Eq. (4), by
−i V (I=1/2)∆pi,∆pi (−)
√
1
2
fpiN∆
mpi
(−) 1√
3
(−i)gσ,pipi
−i V (I=1/2)∆pi,∆pi (−)
√
1
3
√
2
3
fpiN∆
mpi
(−) 1√
3
(−i)gσ,pipi
−i V (I=1/2)∆pi,∆pi (−)
√
1
6
√
1
3
fpiN∆
mpi
(−) 1√
3
(−i)gσ,pipi
= −
√
2
3
V
(I=1/2)
∆pi,∆pi
fpiN∆
mpi
gσ,pipi. (32)
For the coupling of the σ to pipi obtained from the
unitary matrix, and unitary normalization ( 1√
2
extra in
the wave function of pipi as identical particles) we take
g′σ,pipi = 3.6 GeV, (33)
where we have taken an average between the results of the
chiral unitary approach [38] and different results using an
analysis of data implementing Roy equations [39, 40] (see
table 4 of Ref. [41]). With the good normalization to be
used in Eq. (32), we have
gσ,pipi =
√
2× 3.6 GeV. (34)
Following the argumentation of Eq. (12), we obtain
now
− it∆pi,Nσ = −V (I=1/2)∆pi,∆pi
√
2
3
fpiN∆
mpi
gσ,pipi (~S · ~k) 2M∆ t′T ,
(35)
with ~k the nucleon momentum, where t′T is obtained from
Eq. (13) by simply changing the masses of the intermedi-
ate particles Σ∗ → ∆,K → pi,Λ→ pi and multiplying the
integrand by
(
1 + ~q·
~k
|~k|2
)
. The reason for this latter factor
is that before in Eq. (12) the factor (~S · ~k), factorized
outside the integral. Here we have ~S · ~ppi ≡ ~S · (−~q − ~k)
and ∫
d3q qi · · · ≡ ki
∫
d3q
~q · ~k
~k2
,
since ~q is an integration variable and ~k is the only vector
in the integrand which is not integrated.
For the transition of Σ∗K → Nσ, we will have the same
expression as in Eq. (35) changing V
(I=1/2)
∆pi,∆pi to V
(I=1/2)
Σ∗K,∆pi
Finally, in analogy to Eq. (25) we will now have the
effective transition potential
V˜i,Nσ = V
I=1/2
i,∆pi
√
2
3
fpiN∆
mpi
gσ,pipi 2M∆ V˜
′
Nσ(s), (36)
where V˜ ′Nσ is defined such that
Imt˜′(s) = V˜ ′Nσ(s) ImGNσ(s,mσ) V˜
′
Nσ(s), (37)
with
Imt˜′(s) =
1
Nσ
∫
dm˜2σ
× 1
3
k˜2 ImGNσ(s, m˜σ)Sσ(m˜
2
σ) |t′T (s, m˜σ)|2, (38)
with the σ spectral function
Sσ(m˜
2
σ) = −
1
pi
Im
[
1
m˜2σ −m2σ + imσΓσ
]
, (39)
Nσ =
∫
Sσ(m˜
2
σ) dm˜
2
σ, (40)
ImGNσ(s,mσ) = − 1
4pi
MN√
s
k(s,mσ),
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k(s,mσ) =
λ1/2(s,M2N ,m
2
σ)
2
√
s
,
and ImGNσ(s, m˜σ), k˜(s, m˜σ) given by the same expres-
sions changing mσ to m˜σ. For mσ and Γσ we take values
from Ref. [41]
mσ = 445 MeV,
Γσ
2
= 275 MeV.
Now V˜i,Nσ of Eq. (36) provides transitions from
∆pi(ΣK) to Nσ. As before, we introduce the Nσ chan-
nel into the coupled channels and have now a 4× 4 ma-
trix for V , allowing the ∆pi → Nσ, Σ∗K → Nσ tran-
sitions and neglecting direct transition Nσ → Nσ and
Nσ → N∗pi. For cutoff in the integral of d3q in t′T we
take now qmax = 700 MeV, suited for the study of pipi
interaction [6, 42].
D. Couplings and partial decay widths
In order to obtain the couplings we look at the am-
plitudes Tij in Eq. (2), with i, j = ∆pi,Σ
∗K,N∗pi,Nσ
and plot |Tij |2. We define the mass and width of the
resonance the position of the peak and the width of the
|Tij |2 distribution as a function of
√
s close to the peak.
In that region we have
Tij =
gi gj√
s−MR + iΓR2
. (41)
We take the Σ∗K channel as reference and then have
T22|peak =
g22
iΓR2
, g22 = i
ΓR
2
T22
∣∣∣∣
peak
. (42)
This defines g2 up to an arbitrary sign, but then the rest
of couplings are defined relative to this via
gi
g2
=
Ti2
T22
∣∣∣∣
peak
. (43)
Once we have the coupling, the partial decay widths
are given by
Γi =
1
2pi
MB
MR
|gi|2pi, (44)
where MB is the mass of the final baryon and MR the
one of the resonance and
pi =
λ1/2(M2R,M
2
m,M
2
B)
2MR
(45)
with Mm the mass of the final meson in the channels
∆pi,Σ∗K,N∗pi,Nσ.
The width of all channels is well defined except for
the Σ∗K since the resonance is close to threshold and
both theoretically and experimentally the determination
of Σ∗K in the width is uncertain. With this caveat, we
shall check that the sum of all partial decay widths is
close to the total width determined from the shape of
|Tij |2.
III. RESULTS
In Fig. 8, we show the results for tT as a function
of
√
s for MN∗ ' 1535 MeV. We can see that Re(tT )
has a peak structure with a peak around 1885 MeV. The
imaginary part has a different behaviour, and does not
show any peak. Actually, −itT would resemble a Breit-
Wigner amplitude with a constant magnitude added to
the real part, which does not go through zero. The peak
observed in Re(tT ) is tied to the triangle singularity that
one would have in the case that ΓΣ∗ → 0.
In Fig. 9 we show V˜i,piN∗/V
(I=1/2)
i,Σ∗K from Eq. (25). This
magnitude provides the relative strength of the effective
transition potential i→ piN∗, with respect to i→ Σ∗K.
We observe that the effective potential rises rapidly up
to
√
s = 1900 MeV and stabilizes there. The relative
strength with respect to V
(I=1/2)
i,Σ∗K is of the order of 0.22
at the peak, which anticipates a moderate effect of this
channel. However, the added strength around 1880 MeV
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FIG. 8: Real and imaginary parts of tT of the triangle dia-
gram, Eq. (13) with Σ∗K intermediate state.
helps stabilize the molecule that builds up around this
energy from the interaction of the ∆pi and Σ∗K channels.
Next we show in Fig. 10 the results for t′T of subsection
II C for Fig. 5. The convolution of Eq. (38) over the
σ mass is done between the masses 2mpi and 800 MeV,
and in Fig. 10 we plot t′T in the middle of the range
at m˜σ = 540 MeV. We can see that now we do not
have any peak, as anticipated, since Eq. (3), that shows
when there is a triangle singularity, is not fulfilled in this
case. Yet, we see that Re(t′T ) is of the same order of
magnitude as Re(tT ) at the peak. However, since the
effective transition potential contains different couplings
now, its strength becomes bigger than the one of the Σ∗K
in the loop, as we show below.
In Fig. 11 we plot V˜i,σN/V
(I=1/2)
i,∆pi . We can see that
this magnitude is relatively constant, and from 1800 MeV
to 2100 MeV it changes from 0.73 to 0.69. However, we
can see now that the strength is bigger than the one ob-
tained from the Σ∗K loop at its peak (∼ 0.22), in spite of
the fact that we do not have a singularity now. As men-
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FIG. 9: V˜i,piN∗/V
(I=1/2)
i,Σ∗K of Eq. (25).
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FIG. 10: Real and imaginary parts of t′T corresponding to the
triangle diagram, of Fig. 5.
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FIG. 11: V˜i,σN/V
(I=1/2)
i,∆pi as a function of the energy corre-
sponding to Eq. (36).
tioned before, the different couplings in the mechanism
are responsible for this relatively large strength. We see
that the strength of V˜i,σN is of the same order of magni-
tude as the V
(I=1/2)
i,∆pi transitions and one anticipates an
important role of this channel.
Next we turn to the amplitudes obtained with the cou-
pled channels problem.
In Fig. 12 we show the module square of amplitude Tii
(with the order of the channels, ∆pi,Σ∗K,N∗pi,Nσ) with
just the ∆pi and Σ∗K channels omitting the width of the
∆ and Σ∗, and taking it into account. The results are
similar to those obtained in Ref. [4], though in Ref. [4]
complex energies were used instead of the convolution in
the evaluation of the G function of Eq. (2). We can see a
clear peak around 1880 MeV and that the consideration
of the width of the ∆ and Σ∗ leads to a wider structure
which has about 72 MeV, short of the experimental cen-
tral value of about 200 MeV, which, however, has large
uncertainties.
In Fig. 13 we show again the module square of T22
amplitude with two channels (∆pi,Σ∗K), three channels
9(∆pi,Σ∗K,N∗pi) and four channels (∆pi,Σ∗K,N∗pi,Nσ).
We can see that the introduction of the N∗pi channel
widens the peak a bit. The introduction of the Nσ chan-
nel has also not much effect on the width, but we shall
see later that it has an important repercussion in the pipi
invariant mass distribution. From |T22|2 with four chan-
nels, we can get the mass and width of the N∗(1875)
resonance: MR = 1881.7 MeV, ΓR = 71.2 MeV.
Next we look at the transition amplitudes from where
we determine the couplings, via Eqs. (42) and (43). We
show |T 212| in Fig. 14, |T 232| in Fig. 15 and |T 242| in Fig.
16, all of them evaluated with the four channels.
The couplings that we get using Eqs. (42) and (43)
are:
gR,Σ∗K = 1.72− 0.70i, gR,∆pi = 0.34 + 0.59i,
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FIG. 12: |Tii|2 for the ∆pi and Σ∗K channels alone as a func-
tion of the energy. The wider curve corresponds to considering
the width of ∆ and Σ∗.
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FIG. 13: |T22|2 with two channels (∆pi,Σ∗K), three channels
(∆pi,Σ∗K,N∗pi) and four channels (∆pi,Σ∗K,N∗pi,Nσ).
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FIG. 14: |T12|2 as a function of the energy, for ∆pi → Σ∗K
transition.
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FIG. 15: |T32|2 as a function of the energy for Σ∗K → N∗pi
transition.
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FIG. 16: |T42|2 as a function of the energy for Σ∗K → Nσ
transition.
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gR,N∗pi = −0.29 + 0.17i, gR,Nσ = 0.22− 0.01i. (46)
With these values and using Γi =
1
2pi
Mi
MR
|gi|2pi, where
Mi is the baryon mass for the final channel i and pi its
momentum, we obtain the partial decay widths
Γ∆pi = 25.2 MeV, ΓΣ∗K = 13.1 MeV,
ΓN∗pi = 4.2 MeV, ΓNσ = 2.3 MeV. (47)
We can see that Γ∆pi is quite large, but ΓN∗pi and ΓNσ
are much smaller.
The sum of Γi is 44.8 MeV, much smaller than the
total width ΓR = 71.2 MeV. Yet, since the peak of the
N∗(1875) has a mass distribution and the Σ∗ has a width
ΓΣ∗ = 36 MeV [1], we should do a double convolution for
the partial decay width ΓΣ∗K ,
Γ˜Σ∗K =
1
NR
∫ MR+2ΓR
MR−2ΓR
dM˜R
∫ MΣ∗+2ΓΣ∗
MΣ∗−2ΓΣ∗
dM˜Σ∗
× SR(M˜R) SΣ∗(M˜Σ∗) ΓΣ∗K(M˜R, M˜Σ∗ ,mK), (48)
where SR(M˜R) (or SΣ∗(M˜Σ∗)) is the spectral function of
N∗(1875) (or Σ∗), taking the same form of Eq. (21) with
proper mass and width for the resonance; and
NR=
∫ MR+2ΓR
MR−2ΓR
dM˜R
∫ MΣ∗+2ΓΣ∗
MΣ∗−2ΓΣ∗
dM˜Σ∗SR(M˜R)SΣ∗(M˜Σ∗),
ΓΣ∗K(M˜R, M˜Σ∗ ,mK) =
1
2pi
M˜Σ∗
M˜R
g2R,Σ∗K p˜, (49)
with
p˜ =
λ1/2(M˜2R, M˜
2
Σ∗ ,m
2
K)
2M˜R
θ(M˜R − M˜Σ∗ −mK).
We then get
Γ˜Σ∗K = 33.2 MeV. (50)
Then the sum of partial decay widths is 64.9 MeV, com-
patible with the total width.
For ΓN∗pi the prediction is new and should be observed
in the piηN mode since N∗(1535) decays into ηN with a
branching fraction of 32-52% and it would be a better
channel than the piN that could be mixed with the ∆pi
decay. As to Σ∗K, which is also not measured, there
are certainly problems when one is close to threshold.
However, a proper unitary multichannel analysis, as done
in Ref. [43–45], should show the relevance of this chan-
nel. One similar case where this has been done is in the
N∗(1700)(3/2−) resonance, which in Ref. [46] is shown
to appear from the interaction of vector-baryon, mostly
from ρN , which is at threshold there. This case has been
revised in Ref. [47] to include the ∆pi channel, associated
to another triangle singularity. The ρN channel being
around threshold is not an obstacle to obtain a (38±6)%
branching ratio for ρN in the analysis of Ref. [43].
IV. MASS DISTRIBUTIONS
Now we wish to get the mass distributions for pairs of
particles. We choose to study the pi+pi−p final state. We
will have the contributions of Fig. 17. The first thing
to observe is that the pi+pi−p channel does not exhaust
all the width. Indeed, in the case of pi∆ decay we have
three more casesR+ → pi+∆0 → pi+pi0n, R+ → pi0∆+ →
pi0pi+n and R+ → pi0∆+ → pi0pi0p, with R standing for
the resonance N∗(1875). Using the coefficients for the
weights of the different pi∆ components in Eq. (4) and
those for ∆ → piN in Eq. (30) we find that the pi+pi−p
mechanisms of Fig. 17 account for 59 of the pi∆ width,
while the channels not considered account for 49 of the
width. Similarly, for the piN∗ we are missing R+ →
pi+N∗0 → pi+pi0n, R+ → pi0N∗+ → pi0pi+n and R+ →
pi0N∗+ → pi0pi0p. Taking into account the coefficients of
Eq. (4), we find again that with the pi+pi−p final state
we take into account 49 of the piN
∗ width and the missing
channels account for 59 of it. As to the spin dependence
of the diagrams of the Fig. 17, the R+( 32
−
) coupling to
pi∆ goes as a constant, and the ∆ → piN as ~S · ~ppi. The
N∗ → piN also goes as a constant but the R→ piN∗ goes
as ~S · ~ppi. On the other hand the R+( 32
−
) coupling to σp
also goes as ~S · ~ppi (see Eq. (30)). Then considering Eqs.
(4) and (30) and the isospin decomposition of the N∗0 →
piN decay, |N∗0, piN, I = 12 , I3 = − 12 〉 =
√
1
3 |pi0n〉 −√
2
3 |pi−p〉, we have
−itR+→pi+∆0→pi+pi−p = gR,pi∆(−
√
1
6
)
√
1
3
× 1
M23 −M∆ + iΓ∆2
~S · ~p2 fpiN∆
mpi
,
−itR+→pi−∆++→pi−pi+p = gR,pi∆
√
1
2
(−1)~S · ~p1
× 1
M13 −M∆ + iΓ∆2
fpiN∆
mpi
, (51)
−itR+→pi+N∗0→pi+pi−p = g′R,pi∆(
√
2
3
)(−
√
2
3
)~S · ~p1
× 1
M23 −MN∗ + iΓN∗2
gN∗,piN ,
−itR+→σp→pi+pi−p = g′R,σN (−
√
2
3
)~S · (~p1 + ~p2)(−1)
× 1
M212 −m2σ + imσΓN∗
gσ,pipi,
where M2ij = (pi + pj)
2; i, j = 1, 2, 3 for pi+, pi−, p. In
the last equation we have considered that |pipi, I = 0〉 =
− 1√
3
(
pi+pi− + pi−pi+ + pi0pi0
)
. The coupling of the σ to
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FIG. 17: Diagrams for the decay of the N∗(1875) resonance into pi∆ [(a) and (b)], piN∗ [(c)] and σp [(d)].
pi+pi− has a (− 1√
3
) coefficient, and so for the pi−pi+, but
considering the integrated pi+pi− and pi−pi+ width one
is counting twice the contribution. All this is solved by
taking the coefficient (−
√
2
3 ). The extra minus sign in
the last of Eqs. (51) is because pp = −~p1 − ~p2.
We take gN∗,piN = 0.70 from Ref. [30]. In Eq. (51),
we have used the coupling g′R,piN∗ and g
′
R,σN instead of
gR,piN∗ and gR,σN . This is because the factors ~S ·~k were
already taken into account when we evaluated the effec-
tive transition potentials (see Eq. (17) and Eqs. (18) and
(38)), which already incorporate the factor 13
~k 2 coming
from this operator in the sum over piN∗ and σp interme-
diate states. To take this into account it is sufficient to
write
g′R,piN∗ =
√
3
p1
gR,piN∗ , g
′
R,σp =
√
3
|~p1 + ~p2|gR,σp. (52)
After this discussion, we can write the full amplitude for
R+ → pi+pi−p from the diagrams of Fig. 17 as
−ittot = (B + C +D)~S · ~p1 + (A+D)~S · ~p2
= A′ ~S · ~p1 +B′ ~S · ~p2, (53)
where
A = − 1
3
√
2
gR,pi∆ · fpiN∆
mpi
1
M23 −M∆ + iΓ∆2
,
B = − 1√
2
gR,pi∆ · fpiN∆
mpi
1
M13 −M∆ + iΓ∆2
,
C = − 2√
3
gR,piN∗ · gN∗,piN
p1
1
M23 −MN∗ + iΓN∗2
, (54)
D =
√
2
gR,σN · gσ,pipi
|~p1 + ~p2|
1
M212 −m2σ + imσΓσ
,
A′ = B + C +D, B′ = A+D.
The differential mass distribution is give by [1]
d2Γ
dM12dM23
=
1
(2pi)3
4MpMR
32M3R
∑∑∣∣∣ttot∣∣∣24M12M23, (55)
where using Eq. (17), we find∑∑∣∣∣ttot∣∣∣2
=
1
3
[
|A′|2~p 21 + |B′|2~p 22 + 2Re(A′B′∗)~p1 · ~p2
]
, (56)
where ~p1 · ~p2 can be written in terms of M12 as
2~p1 · ~p2 = m21 +m22 + 2E1E2 −M212 (57)
and E1, E2 as
E1 =
M2R +m
2
1 −M223
2MR
, E2 =
M2R +m
2
2 −M213
2MR
. (58)
To obtain dΓdM12 , we integrate Eq. (55) over M23 and the
limits are given in the PDG [1]. In ttot we need M12,
M13, M23 as variables. To evaluate Eq. (55), we need
M13 which is given in terms of the other variables as
M213 = M
2
R +m
2
1 +m
2
2 +m
2
3 −M212 −M223. (59)
If we wish to obtain dΓdM23 . We integrate Eq. (55) over
M12. The limits for M23 can be obtained from those
for M12 by permuting the indices 123 → 321. Simi-
larly we can obtain d
2Γ
dM12dM13
as in Eq. (55) substituting
the factor 2M23 by 2M13. Then we get
dΓ
dM13
integrat-
ing over M12 and and limits for M12 are obtained from
the standard formula of the PDG permuting the indices
123→ 312.
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V. RESULTS FOR THE MASS DISTRIBUTIONS
In the limit of the small widths for the ∆, N∗ and
σ, the different terms in Eq. (51) do not interfere since
they correspond to different final states pi∆, piN∗, σN .
However, if we look at pi+pi−p production and consider
the widths there can be interference. In particular there
should be interference between pi−∆++ and σp (B and D
terms in Eqs. (54)). Note that the B term is three times
larger in strength than term A). The fact that these two
terms have the same spin structure (~S · ~p1) helps for the
interference.
In Fig. 18, we plot the dΓdM12 ,
dΓ
dM13
and dΓdM23 mass dis-
tributions for the N∗+(1875)→ pi+pi−p decay with 1,2,3
denoting pi+, pi− and p. Let us first look at the mass dis-
tributions considering only pi∆ production (red dashed
lines in Fig. 18). We see that for M13(pi
+p) there is a
large signal of the ∆++(1232) coming from term B. The
∆(1232) is also seen in the M23 mass distribution (pi
−p)
coming from term A. Removing a small background be-
low the ∆0 peak in the M23 distribution, we can see that
the strength for ∆++ in the M13 distribution is about
nine times the one of the ∆0, as it corresponds to the
coefficients in the terms A and B squaring them. The
rest of the strength in the M23 distribution peaks around
M23 = 1500 MeV, as a consequence of phase space and
the weight of the term B non resonant in this channel.
The M12(pi
+pi−) mass distribution does not show any
resonance and follows phase space weighted by the term
A and B.
Next we consider the piN∗ term including in addition
the C term in Eq. (53). The results are shown in Fig. 18
as the blue dash-dotted lines. We do not see much change
except an enhancement of the peak in the M23 distribu-
tion (pi−p) corresponding to the N∗ excitation by the C
term. However, the change is not large. Yet, here we
see a possible reason why the the piN∗ channel has not
been claimed experimentally. Indeed, the pi∆ mechanism
alone already creates a peak in the M23 distribution in
region of 1500 MeV, which cannot be associated to piN∗
production. Any piN∗ production can be easily be at-
tributed to the ∆ production in the M13(pi
+p) channel.
This has also a consequence in terms of a message: To
determine the piN∗ production one should better look at
piηN production.
We show the results including all the production terms,
A+B + C +D, in Fig. 18 as the black solid lines. This
includes σp production in addition to the former chan-
nels. The results are interesting. Apart from the basic
features that we have observed in the former cases, now
the M12(pi
+pi−) mass distribution contains a large bump
in the region of low invariant pipi masses corresponding
to the σ production. A smooth extrapolation of the low
energy M12 distribution with a wide σ shape would tell
us that about 12 of the width could be attributed to σN
production. To quantify this we have used the D term of
Eq. (54) alone, and roughly adjusted its strength to the
low mass region of the M12 distribution. This is telling
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FIG. 18: The dΓ
dM12
, dΓ
dM13
and dΓ
dM23
mass distributions for
the N∗+(1875) → pi+pi−p decay with 1,2,3 denoting pi+, pi−
and p, with the red dashed lines the case considering only pi∆
production (i.e. A and B terms in Eq. (53)), the blue dash-
dotted lines the case considering pi∆ and piN∗ production
(i.e. A, B and C terms in Eq. (53)), the black solid lines the
case considering pi∆, piN∗ and σN production (i.e. all the A,
B, C and D terms in Eq. (53)), the green dotted lines the
case changing the sign of the gσ,pipi in Eq. (34). The purple
dash-dot-dot line in dΓ
dM12
distribution corresponds to the case
considering only σN production (i.e. D term in Eq. (53))
fitted approximately to the M12 distribution at low masses.
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us that an analysis of the mass distributions, due to in-
terference of terms, would provide an apparently larger
strength for the σp channel than one would induce from
the coupling of the resonance to the different channels,
as done in Eqs. (47). Actually, since we are only consid-
ering 59 of the pi∆ production in these figures, taking into
account the results of Eq. (47), we would be extracting a
width of around 7 MeV from this analysis, which would
turn into 32 × 7 ∼ 11 MeV if one considers the σ → pi0pi0
decay also. This is bigger than the 2.3 MeV that we ob-
tained in Eq. (47), and would correspond to a branching
fraction of about 15%.
There is another issue worth considering. In the de-
termination of the couplings there is always a global sign
which is arbitrary. The result of the couplings in a cou-
pled channel problem have the relative phase well deter-
mined with respect to this one. But the pipi channel is
not one coupled to piN or pi∆. We would like to see
what happens if we change the sign of the gσ,pipi in Eq.
(34). The results are shown in Fig. 18 as the green dot-
ted lines and we see that the effects are moderate. One
should note that it is precisely in observable that involve
interference of the terms that the signs of couplings rel-
ative to other signs of, in principle, unrelated couplings
can be determined.
VI. CONCLUSIONS
In this work we have complemented the developments
of Ref. [4] in which a 3/2− resonance appears around
1875 MeV from the interaction of the Σ∗K and ∆pi chan-
nels. In a first step we introduced the N∗(1535)pi channel
which is produced via a triangle singularity in which Σ∗K
is produced, then the Σ∗ decays to Λpi and finally the ΛK
merge to produce the N∗(1535). The interesting obser-
vation is that the singularity appears at the same energy
of the resonance and then it shows at the same peak and
helps stabilize the resonance in the sense that even with a
weaker Σ∗K interaction the singularity always appears at
the same energy. The other decays channel that we intro-
duced is theNσ channel. We also used a triangle diagram
to take it into account, taking the ∆pi intermediate state,
letting the ∆ decay to Npi and then merging the two pi-
ons into a σ meson. Then we retake the scheme of [4]
adding the two new channels to the original Σ∗K and ∆pi
ones, and with the four coupled channels we study again
the resonance, the couplings to the different channels and
its decay into these channels. We observe that the par-
tial decay widths of the resonance to N∗(1535)pi and Nσ
are not large but measurable. In particular, we observed
that the Nσ channel was much smaller than what is de-
termined experimentally from some experiments. Yet,
since channel separation is done from mass distributions,
we showed that due to interference with other terms, the
pipi mass distribution showed an important enhancement
at low invariant masses from where one could extract an
appreciable larger fraction of Nσ than one gets from the
couplings, yet smaller than the experimental claims.
An important part of the work was the study of the
Σ∗K. This channel is not easy to separate in an analy-
sis because the resonance has its mass at the threshold
of the channel. In fact no experiment has made claims
about this channel. However, we see that the channel
is very important in the building of the resonance and
that taking into account the width of the resonance and
the width of the Σ∗ we obtained a branching fraction of
about 45%. It is clear that if this channel is omitted in the
analysis, its strength can easily be attributed to another
channel. So, in view of the unavoidable large strength of
this channel, we suggest that modern multichannel anal-
yses implementing unitarity in coupled channels are used
to revise this resonance. There is a clear example in a
related case, where the multichannel analysis provides
also a sizeable contribution of a threshold channel, the
Nρ in the case of the N∗(1700)(3/2−) [43], where other
analyses [48] neglect it.
The determination of the N∗(1535)pi channel is
also relevant since it will evidence the role of a tri-
angle singularity peaking at the resonance position.
Yet, the discussion of the mass distributions in the
pi+pi−p final state showed that the mass distribution for
N∗(1535)pi+, N∗(1535) → pi−p had the same signature
in the pi−p mass distribution than that coming from the
∆++pi− excitation mechanisms, where the pi−p is not
forming the ∆. This is why if one wishes to determine
this channel, the ideal final state should be piηN not
pipiN .
The thorough work conducted here on the building up
of the resonance, its decay channels and the mass distri-
butions in the pipiN channel, together with the discussion
above, clearly indicate that a reanalysis of this resonance
to the light of the present findings should be most wel-
come.
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